ABSTRACT. Non-syndromic cleft lip with or without cleft palate (NSCL/P) is a common birth defect. Several WNT genes are involved in craniofacial embryogenesis, and therefore may play an important role in the etiology of NSCL/P. Two SNPs (rs3809857 and rs9890413) in the WNT3 gene were subjected to case-control and case-parent analysis by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) in 236 unrelated patients with NSCL/P, including 128 elementary families (185 mothers and 154 fathers), and 400 control individuals from northeast China. The rs3809857 SNP, under the assumption of a dominant model, was found to induce a 2-fold lower risk of NSCL/P OR GG vs GT + TT = 0.605, 95%CI = 0.436-0.839, P = 0.003). Moreover, the family-based association test revealed an under-
INTRODUCTION
Non-syndromic orofacial clefts (NSOCs) are common birth defects, affecting 1.25 in every 1000 newborns worldwide (Mossey and Modell, 2012) . NSOCs are conventionally categorized into three groups: the cleft lip (CL), cleft lip with cleft palate (CLP), and cleft palate only (CPO) (Mossey et al., 2009 ). The first two, believed to be etiologically distinct from the third type (CPO), are collectively referred to as cleft lip with or without cleft palate (CL/P) (Pan et al., 2011) . Environmental variations and genetic influences play important roles in non-syndromic cleft lip with ou without cleft palate (NSCL/P). Many candidate genes and loci have also been associated with facial clefts, through various genetic approaches. Over 40 genes, including IRF6, VAX1, MSX1, FOXE1, MYH9, MAFB, ABCA4, the 17q22 locus, BMP4, FGFR2, TGFA, TGFB3, MTHFR, GSTT1, PDGFC, FGF8, PVRL1, SUMO1, CRISPLD2 , as well as the 8q24 locus, have been suggested to be associated with NSCL/P (Dixon et al., 2011) .
There are four published genome-wide association (GWA) studies, three using a casecontrol design (Birnbaum et al., 2009; Grant et al., 2009; Mangold et al., 2010) and one using a case-parent trio design (Beaty et al., 2010) , for NSCL/P. These studies confirmed the impact of IRF6, discovered a new region on chromosome 8q24, and identified two new loci (MAFB and ABCA4) associated with NSCL/P. Although not implicated by GWA studies, variants within the WNT genes have been reported to be associated with NSCL/P, and the haplotype of the WNT genes underlie the etiology of NSCL/P (Mostowska et al., 2012) . The WNT gene family plays an important role in murine craniofacial embryogenesis (Brugmann et al., 2007) ; canonical WNT signaling is activated during midfacial morphogenesis in mice (Lan et al., 2006) . Chiquet et al. (2008) investigated seven WNT genes (WNT3, WNT3A, WNT5A, WNT7A, WNT8A, WNT9B, and WNT11) , and suggested that the single nucleotide polymorphisms (SNPs) in WNT3A, WNT5A, and WNT11 are significantly associated with NSCL/P. Another study tested fourteen SNPs in six WNT genes, and discovered the rs3809857 SNP in WNT3 to be highly associated with NSCL/P. Menezes et al. (2010) suggested that the variant alleles in WNT3 increased the risk of NSCL/P in a Caucasian population. The SNP rs142167 showed a highly significant association, while the SNP rs9890413 was also shown to be associated with NSCL/P. Beaty et al. (2006) also showed the WNT6-WNT10A gene cluster to be associated with incidence of cleft lip and palate.
Previous studies have shown that WNT genes may contribute to the development of NSCL/P. Yao et al. (2011) investigated variants of the WNT3A gene, and reported two SNPs in WNT3A (rs752107 and rs3121310) to be significantly associated with NSCL/P in a Chinese population. Feng et al. (2014) reported a C392T polymorphism in the WNT10A gene in people with NSCL/P in a northeast Chinese population. However, very few studies have evaluated the association between the WNT3 gene and NSCL/P in a Chinese population. The purpose of this study was to investigate the possibility of the rs3809857 and rs9890413 SNPs in the WNT3 gene being risk factors for NSCL/P in a northeastern Chinese ( 
MATERIAL AND METHODS

Patients and families
As previously described by Lu et al. (2013) , 236 unrelated patients with NSCL/P, including 128 elementary families (185 mothers and 154 fathers), and 400 control individuals were recruited from the Department of Oral and Maxillofacial Surgery of the Affiliated Stomatological Hospital of China Medical University, northeast China, between 2008 and 2012. All patients were subjected to a pre-operative examination and questionnaire; photographs were taken to record the shape of the lips, alveolar ridge, and hard and soft palates, in order to help with a diagnosis of cleft lip and palate. Syndromic patients, and controls with a family history of clefts and other anomalies were excluded. This study was approved by the Ethics Committee of the Liaoning Province Research Institute of Family Planning. Signed informed consent forms were obtained from all participants. DNA was obtained from the blood samples using a TIANamp Blood DNA kit (TianGen, Beijing, China).
Genotyping
The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was designed to detect the SNPs rs3809857 and rs9890413. Specific primer pairs were designed using the Primer 5.0 software. The primer sequences are listed below: rs3809857: forward: 5'-CCTTTTCTCGGTCTCAGTCG-3'; reverse: 5'-GCTTCCTTCTTGC AGCACTC-3'; product size 535 bp; rs9890413: forward: 5'-CCACCTTGTAGGGAGCTGT C-3'; reverse: 5'-ACAGGACAGGGCTAGGGAGT-3'; product size 307 bp. Subsequently, the PCR products were subjected to restriction digestion, using the BamHI (rs3809857: cuts at the 384 bp position in the presence of a T-allele) and MspI (rs9890413: cuts at the 206 bp position in the presence of a G-allele) enzymes (Figures 1 and 2 ). Approximately 10% of the randomly selected samples were genotyped by DNA sequencing for quality control; the obtained genotypes were consistent with the original results. 2, 3, 5, 6, 8 , and 9 = individuals expressing the wild-type homozygous genotype AA; lanes 4 and 7 = subjects displaying the heterozygous genotype AG.
Statistical methods
Case-control statistical analyses, including the genotyping frequency and HardyWeinberg equilibrium, were calculated using the SPSS 17.0 statistical software package (http:// www-03.ibm.com/software/products/us/en/spss-stats-standard/). P < 0.05 was considered to be statistically significant. The transmission of the two SNPs in case-parent trios was calculated using the family-based association test, provided in the FBAT package (http://www.biostat. harvard.edu/fbat/default.htm). Haplotype analysis was performed using the HBAT application in the FBAT package.
RESULTS
The genotypes of the two SNPs in patients and controls were in accordance with the Hardy-Weinberg equilibrium (data not shown). A statistically significant difference was observed between the cases and controls for the presence of rs3809857 and rs9890413 ( The GG genotype of the WNT3 SNP rs3809857 was identified in 141 individuals in the NSCL/P group and 185 individuals from the control group, while the GT genotype was observed in 79 individuals of the NSCL/P group and 189 individuals of the control group; on the other hand, the TT genotype was discovered in 16 and 26 individuals of the NSCL/P and control groups, respectively. The odds ratios (OR) obtained for cases with the GT+TT and GT genotypes, compared to the GG homozygote were 0.605 (95% confidence interval (CI) = 0.436-0.839, P = 0.003) and 0.548 (95%CI = 0.390-0.772, P = 0.001), respectively. However, the OR of the TT genotype compared to the GG genotype was not statistically significant (P = 0.638).
The AA homozygote of the WNT3 SNP rs9890413 was identified in 205 and 376 individuals of the NSCL/P and control groups, respectively, while the AG heterozygote was observed in 27 and 23 subjects belonging to the NSCL/P and control groups, respectively. The GG homozygote was detected in four patients affected by NSCL/P and one healthy control. The ORs of the AG, GG, and AG+GG genotypes were all statistically significant.
FBAT revealed strong associations between the two WNT3 SNPs and NSCL/P (Table  3 ). The rs3809857 SNP displayed an under-transmission of the minor frequency T alleles and over-transmission of the common G allele. The rs9890413 SNP showed an over-transmission of the G allele from parent to child. The haplotype of the two SNPs were also determined. The G-G (order: rs3809857-rs9890413) haplotype was significantly correlated with NSCL/P (Table 4) .
DISCUSSION
The WNT gene family plays a critical role in the development of the lip; in addition, the role played by WNT in the development of the ectoderm has attracted widespread attention. The family of conserved secreted glycoproteins constituting various WNT signaling molecules plays a fundamental role in developmental and cell-biological processes (MacDonald et al., 2009 ). Liu and Millar (2010) reported that the dynamic activation of the WNT/beta-catenin signaling pathway was correlated with the occurrence of a cleft lip and cleft palate. Song et al. (2009) reported that cleft lip with cleft palate may be induced by genetic inactivation of Lrp6, a co-receptor of the WNT/beta-catenin signaling pathway. A previous case-control study associated mutations in AXIN2, a gene belonging to the WNT signaling pathway, with the occurrence of cleft lip/palate (Letra et al., 2009) .
The members of the WNT gene family, including WNT3A, WNT3, WNT5A, WNT7A, WNT8A, WNT9B, and WNT11, have been thoroughly investigated. A previous study reported that among the 13 SNPs investigated in the WNT3A, WNT5A, WNT8A, WNT11, WNT3, and WNT9B genes (in 463 Caucasian individuals), the rs142167 [P = 2.80E-05; OR = 1.61 (1.29-2.02)] and rs9890413 [P = 0.002; OR = 1.4 (1.12-1.74)] SNPs in WNT3 were significantly associated with all clefts (Menezes et al., 2010) . Chiquet et al. (2008) also discovered significant differences between the phenotypes of the rs9890413 SNP in the WNT3 gene in the European, American, and Hispanic population. These results indicate that the WNT3 gene is associated with NSCL/P.
In this study, the individuals carrying the T allele of rs3809857 showed (approximately) a 2-fold decreased risk of NSCL/P. FBAT analysis also showed under-transmission of the T allele and over-transmission of G allele from parents to their children. This indicated that the common G allele may be a risk factor, and the minor T allele may be a protective factor for NSCL/P. This is consistent with the results of the study conducted by Mostowska et al. (2012) . The decreased risk for NSCL/P is inconsistent with the results of previous studies that suggested that variants of the WNT3 gene increase the risk of NSCL/P. Overall, our results indicated an association between the rs3809857 WNT3 variant and an unobserved causal variant; in addition, the former was determined to be non-functional. The minor allele frequency (MAF) of rs9890413 in northeast China (MAF = 0.03) is lower than in the European American (MAF = 0.363), and Caucasian populations (MAF = 0.32). This distinction may be attributed to the population heterogeneity between northeast China and the western countries. Despite a varying MAF value, a significant association was observed between the populations with respect to the rs9890413 SNP [P = 0.002; OR = 2.369 (1.354-4.145)], in the case-control analysis. Individuals carrying the G allele of the rs9890413 SNP showed a 2.37-fold increased risk for NSCL/P. The FBAT analysis also showed overtransmission of the G allele in the rs9890413 SNP (P = 0.00012). Our results supported the results of previous studies, suggesting that the WNT3 rs9890413 SNP is strongly associated with NSCL/P. On the contrary, Mostowska et al. (2012) genotyped fourteen polymorphisms in six WNT genes in a population in Warsaw, and observed no correlations between rs9890413 and NSCL/P [P = 0.844; OR = 0.935 (0.480-1.824)]. This contradiction may be attributed to the genetic heterogeneity of different populations.
In the HBAT analysis, the G-G (order: rs3809857-rs9890413) haplotype was overtransmitted from the parents to the child. This result supported the theory that the WNT3 gene is associated with NSCL/P.
Our study has several limitations. Firstly, only two SNPs in the WNT3 gene were detected and investigated; the detection of more SNPs may strengthen our results. Secondly, the MAF of rs9890413 was too low, and the number of cases and controls was relatively limited. Increasing the sample size would increase the robustness of our study. Thirdly, the gene-gene and geneenvironment interactions, which may explain the formation of NSCL/P, were not evaluated.
In this study, two SNPs in the WNT3 gene were tested in the northeast Chinese population. Our results continued to support the theory that the WNT3 genes may be associated with the occurrence of NSCL/P. This report details supplemental research of a previous study (Chiquet et al., 2008) , and may be helpful in extending our understanding of the etiology of NSCL/P.
Conflicts of interest
The authors declare no conflict of interest.
